A set of 31 oxygen-rich stars has been modelled using corundum and silicate grains. These stars were selected according to their dust-envelope class, as suggested by Little-Marenin and Little in 1990. Then 16 stars classified as Sil were modelled using silicate grains; 10 Broad class stars using corundum (Al 2 O 3 ) grains; and 5`Intermediate' class stars using two kinds of grain simultaneously: corundum and silicate. The temperature of the central stars and some characteristics of their circumstellar envelopes such as their extinction opacities and extensions were determined by fitting the flux curves. The corundum/silicate ratios as well as the energy distributions and temperature laws have been obtained. Based on the authors' results they suggest the existence of chemical and structural evolution of the modelled circumstellar dust shells. The temperature of the central stars and the temperature of the hottest grains decrease from Broad to Intermediate to Sil classes, while the inner radii and optical depths increase in this sequence.
I N T R O D U C T I O N
Late-type stars eject a large amount of mass into the interstellar medium. During the ascension on the Asymptotic Giant Branch (AGB) these stars pulse are driven by a mechanism related to both burning shells (helium or hydrogen). This pulsating regime produces strong stellar winds that eject copious mass from of the star. At some distance from the star, the conditions of temperature and density are ideal for the nucleation of grains. Slowly, the circumstellar medium is filled up with dust and gas, forming an envelope around these stars. Iben & Renzini (1983) have shown that, during the pulses, the inner matter of red giants is mixed to the surface in a dredge-up event and the chemical surface composition is changed.
The IRAS Satellite has observed about 5000 late-type stars obtaining LRS spectra for many of them (IRAS catalogues and atlases; atlas of low-resolution spectra). Since then, they have been studied exhaustively. Oxygen-rich stars present two emission features attributed to silicate grains at 9.8 and 18 mm. However the chemical path followed by grains in O-rich circumstellar dust shells (CDSs) is still debated. The problems of reconciling theoretical dust formation processes with observations of the circumstellar dust are described by Tielens (1990) . Thermodynamic and kinetic factors will be the basic determinants of the species of dust formed in CDSs. Thermodynamic calculations suggest that grain condensation in outflows of O-rich stars should start with aluminium oxide (corundum) directly from the gas phase at about 1700 K. The first silicate is expected to form by a gas±solid reaction with corundum to form Ca 2 Al 2 SiO 7 (melilite) at about 1650 K. After many reactions, other kinds of grain can be formed at lower temperatures, such as MgAl 2 O 4 (spinel). At even lower temperatures (about 1400 K) Mg 2 SiO 4 (fosterite) starts to condense out. Finally, at about 1000 K, reactions with gaseous iron will convert some MgSiO 3 (enstatite) into Fe 2 SiO 4 (fayalite) and fosterite. On the other hand, kinetics also plays an important role in determining which silicates form in the outflows of AGB stars. The density structures of neighbouring regions of the star can change this condensation sequence at different points. According to Kozasa & Sogawa (1997) , after the formation of Al 2 O 3 grains, the condensation of silicate on pre-condensed Al 2 O 3 grains is the natural process of dust formation. Little (1988, 1990, hereafter LML88 and LML90) have classified the variation in the spectral features of oxygen-rich stars. They have subtracted a 2500 K blackbody distribution from the observed LRS and suggested a complex infrared spectra morphology for oxygen-rich stars. They have divided these stars into seven classes: (a) no-feature, without any distinguishable feature; (b)`Broad'-feature, with a broad emission from 9 to 15 mm and a poorly established maximum in the 11± 12 mm region; (c)`3-component', with weak peaks at 10, 11±11.3 and 12.5±13 mm; (d), (e) Sil 1 and Sil
11
, with a characteristic 10-mm silicate feature and a developing`bump' at 11.3 mm, more pronounced in the Sil 11 class; (f) Sil, with characteristic silicate peaks at 9.8 and 18 mm, very well defined; and (g)`S-feature', showing two small peaks at 10 and 11±11.3 mm, characteristic of strong S stars. The authors have also suggested an evolutionary scheme for these CDSs. At the beginning of the AGB phase, nucleation rates are low; in these cases, IR spectra can be characterized by the no-feature class. As soon as the formation of a CDS begins, LRS emission presents a low-contrast feature, characterized by the Broad feature class. The subsequent IR evolution suggested is 3-component to Sil classes (say Sil 1 , Sil
and Sil), with an increasing silicate feature (9.8 and 18 mm).
The chemical composition of the CDSs around late-type stars can be identified from the features evident in their mid-IR LRS at a first guess. Since in the present work we are interested in a deeper insight into the nature of the circumstellar dust grains, it is necessary to solve the radiative-transfer problem, and to reproduce the features seen in the mid-IR LRS together with the properties of the complete CDS. To determine the chemical CDS composition of late-type stars we cannot compare the mid-IR spectra with the extinction profiles of different dust species without a full radiativetransfer calculation. Thus, in order to determine the chemical composition of the different LML90 CDS classes, we have modelled oxygen-rich stars using a Monte Carlo numerical method. This method solves the radiative-transfer problem in a rigorous way. The propagation of stellar and grain radiative energy is followed by a Monte Carlo scheme. The stellar radiation leads to a first distribution of dust temperature. Thermal radiation from it is simulated, giving after several iterations the equilibrium temperature.
For this purpose, 16 class Sil stars were modelled using silicate grains; 10 Broad stars, using corundum (Al 2 O 3 ) grains, and also 5 Intermediate' stars, using two species of grain simultaneously: corundum and silicate grains. Our Intermediate class contains stars with emission features similar to the 3-components, Si1 and Sil11 LML90 classes. Besides the chemical composition, our models also give some physical conditions in the circumstellar medium, such as the temperature of the hottest grains, the CDS inner radius, and the optical depth of the envelope. Based on our results, we discussed the LML90 suggestion about CDS evolution and correlation between different classes. The details of the radiative-transfer method are reviewed in Section 2. In Section 3 we present the sample of 31 modelled stars and the observational data used to fit the models. Section 4 shows ours results and a brief analysis; a general discussion and conclusions can be found in Section 5.
R A D I AT I V E T R A N S F E R
A numerical simulation method for solving the problem of radiative transfer in spherical circumstellar envelopes has been given by Lefe Ávre, Bergeat & Daniel (1982) . More recently, Lorenz-Martins & Arau Âjo (1997) have generalized the distribution of matter in the envelope allowing density laws of the form r < r 2m X Let us briefly review this model now. The stellar radiation and the thermal radiation of grains are simulated photon by photon following a Monte Carlo scheme. In each interaction between a`photon' and a grain, a fraction 1 2 g of energy is absorbed and a fraction g is scattered, where g is the albedo. Then, a new direction of propagation is generated by a process with a probability determined by the phase function S(u ). A first distribution of dust temperature comes from stellar radiation, and thermal radiation is simulated. In all processes, grains interact with each other. The radiation emitted by one grain will be absorbed and/or scattered, reaching after several interactions the equilibrium temperature. We assume the star to be a blackbody with an effective temperature T eff . In this version of the code, grains are supposed to be spherical and to have a constant size.
The dust envelope is bounded by two spheres of radii R 1 and R 2 measured in units of the stellar photospheric radius. The amount of dust is characterized by the extinction opacity defined along the radial direction:
where N(r) is the number density of grains, a is their radius and Q ext (l) is the extinction efficiency. Absorption and scattering efficiencies, as well as the albedo for the grains, are computed via Mie theory, taking into account the adopted refractive indexes. We adopted the usual r 22 dependence (which is based on assumptions of a constant outflow velocity and a steady mass-loss rate) as in previous works to describe the dust density variation throughout the envelope (e.g. Lorenz-Martins 1996) .
In this work we have also considered two kinds of grain simultaneously, which are present at different distances from central stars. In this case, N 1 raN 2 r gives the relative abundance between the grains. When one kind of grain is much less abundant than the other one, a large number of events have to be simulated to get good statistics (more details in Lorenz-Martins & Lefe Ávre 1994) .
In summary, in both cases (one-specie or two-specie grains) the following physical quantities are required at a first guess and subsequently fixed by fitting the infrared/near-infrared flux: T eff , R 1 , R 2 , a and the extinction opacity t ext at a given l . The models give us not only the spectral repartition of the total flux but also its different components (direct, scattered, thermal), as well as the angular distribution of these radiation fields and the radial dependence of the dust temperature.
A deeper insight about the nature of the circumstellar dust grains can only be obtained by solving the radiative transfer in these media. The features seen in the mid-IR LRS must be reproduced and the properties of complete CDSs must be determined simultaneously. In order to find the chemical composition, we have calculated grids of about fifty models for each star, and we have visualize the model that best reproduces the complete CDS. We pay special attention to the LRS feature and accept errors of about 15 per cent in all parameters (like size grain, effective temperature, optical depth, ¼) to fit this emission feature; in fact it is this feature that finally defines the best model.
THE DATA
In order to constrain the models, IRAS data (LRS and 12-, 25-, 60-and 100-mm fluxes), as well as optical and near-infrared photometry, were taken from the literature. Owing to the scarcity of observations, it is very difficult to find data in the same luminosity phase for most of the stars. Most stars are Mira variables. In Tables 1, 2 and 3 we summarize Sil, Broad and Intermediate samples and also IRAS number, spectral type, variable type, LML90 class and the photometry. In the variable type column, the`Sr' designation refers to semi-regular stars and Var' designates stars with unknown periodicity. The sample was selected from LML90, the IRAS LRS Catalogue, Begemann et al. (1997) and Sloan, Le Van & Little-Marenin (1996) . Photometry references are listed at the bottom of Table 3 .
G E N E R A L R E S U LT S

Silicate models
Silicate emission is a well-known feature of oxygen-rich star envelopes, and many authors have modelled these stars using silicate grains in the past two decades. All of them supposed spherical symmetry and a density law < r 22 to configure the envelopes. Rowan-Robinson & Harris (1982) modelled 27 stars using a single scattering radiative-transfer code. Schutte & Tielens (1989) developed a program to solve the radiative transfer in CDSs and applied it to three stars. Onaka, de Jong & Willems (1989a , 1989b have obtained the resulting flux from CDSs by considering analytical formulae and some simplifications concerning the equilibrium temperature of grains. Using this method they have modelled 109 stars by fitting the LRS spectra. These authors used both silicate and aluminium oxide grains in their models. Le Sidaner & Le Bertre (1993 have modelled oxygen-rich stars using Leung's method (Leung 1976 ). This method takes into account a unique temperature for all stars at maximum phase, and another temperature for the minimum phase. Recently Hashimoto (1994) modelled about 240 stars with a radiative-transfer code that supposes only one effective temperature for all stars of the sample. However, his models were obtained considering only 12-, 25-, 60-and 100-mm IRAS fluxes. For the key to the References, see the footnote to Table 3 . For the key to the References, see the footnote to Table 3 . Around 75 per cent of the mass that nucleates in the circumstellar shells of oxygen-rich stars is composed of SiO, Fe and Mg, which originate silicate components (Nuth & Hecht 1990) . Silicate grains nucleate at temperatures near 1000 K. Stars from the Sil LML90 class have well-defined peaks at 10 and 18 mm. We modelled twelve stars from the LML90 sample and another four from the IRAS LRS Catalogue (1986) with defined silicate emission features. Several optical constants of silicate grains have been published in the literature, like those of`dirty silicate' by Jones & Merrill (1976) or of`astronomical silicate' by Draine (1985) . We used the dielectric function obtained by David & Pe Âgourie Â (1995) . Fig. 1(a) shows an enlarged view of the best models for UX Cyg considering silicate grains (solid line), corundum grains (dotted line) and silicate and Al 2 O 3 grains simultaneously (dashed line). We can clearly see that the best fit corresponds to the silicate grain model. In Figs. 1(b) to (d) we have plotted the best models for CM Vel, WY Her and U Tel, respectively. The circles are photometric data and the solid lines are the best fit models for each star obtained using silicate grains. In Table 4 we summarize the modelling results: the temperature of the central star, T eff (in K), the CDS inner radius, R 1 (in R p ), the temperature of the hottest grains, T d (in K), the dust particle size, a (in A Ê ), and the optical depth taken at l 1 mmY t. All stars of our sample were modelled with a fixed outer radius, R 2 1000 R p X Stars are ordered by decreasing temperature.
According to our results, the inner radii of these shells range from 5 to 20 R p , and T d is equal to or lower than the silicate condensation temperature. The average effective temperature of these stars is 2550 K. Optical depths vary from 0.13 to values such as 4.0±6.0, and grain sizes vary from 900 to 4000 A Ê . An interesting by-product of our results is that, as long as T eff decreases, optical depth increases. It seems that there is a physical correlation between optical depth and effective temperature of the central stars. Also grain size seems to exhibit the same behaviour as the optical depth, but the CDS model is not very sensitive to small variations in the grain size. Koike et al. (1995) . They have studied the emission of two different kinds of grain: alumina, with disc-like shape and two main emission peaks at 12.4 and 13.4 mm; and ISAS, with spherical shape and one emission peak at 12.1 mm. The results obtained with both g-Al 2 O 3 grains (alumina and ISAS) were not satisfactory (see Fig. 2 ). On the other hand Begemann et al. (1997) have studied the amorphous aluminium emissivity. These authors were trying to identify the source of the 13-mm CDS emission in oxygen-rich stars. However they have discarded this kind of grain as the source of this emission, because amorphous Al 2 O 3 emission shows a smooth peak at 11.5± 11.8 mm. Then we have tested this kind of grain as the source of the 11±12-mm feature of Broad class stars. In Fig. 2 we have plotted models with g-Al 2 O 3 ISAS (dot-dashed line), alumina (dashed line) and porous amorphous plus g-Al 2 O 3 (solid lines), against T Lep LRS (dots). We can see from this figure that g-Al 2 O 3 (ISAS) model peaks at longer wavelengths and has sharper emission than the observed spectra. g-Al 2 O 3 (alumina) also shows a different feature from the observed spectrum. On the other hand porous amorphous Al 2 O 3 (Begemann et al. 1997 ) seem to explain the broad feature observed in this class of objects. Since optical constants given by Begemann et al. (1997) range from 8 to 500 mm, in order to model our sample in a large range of the spectra we have used a combination of two kinds of Al 2 O 3 . In the short wavelength region we have considered alumina grains (by Koike et al. 1995) as the source of opacity, and porous amorphous Al 2 O 3 (by Begemann et al. 1997) were taken into account at larger wavelengths. Several authors have used a similar approach to describe dust properties (e.g. Schutte & Tielens 1989; Groenewegen 1995) . Of course in this case, one condensation temperature is used, but it is not a problem because we use only corundum grains. In order to test this approach, we have modelled a couple of stars using our two-component model. The results did not change, which indicates that this approach is valid in this case. Our composite corundum has about 20 per cent of the alumina specie. This association of two corundum grains does not invalidate our suggestion about these kinds of grain being the carriers in Broad class stars. Hereafter we refer to this composition of grain as`corundum'.
We have modelled eight Broad class stars taken from LML90 and two others from Begemann et al. (1997) with similar LRS spectra. Fig. 3(a) shows an enlarged view of the best fits obtained to RU Sco using corundum grains (solid line), silicate grains (dashed line), and corundum and silicate grains simultaneously (dotted lines). Despite the fact that the differences between models are not very big, we can see that the corundum-grain model gives the best fit. In Figs. 3(b) to 3(d) , the best models to S Pav, V Cas and R Cnc were plotted, which were obtained using corundum grains. Table 5 summarizes the results obtained for Broad stars.
Based on our results, we also suggest a trend of increasing optical depth (t ) with decreasing of T eff , similar to the Sil class results. In this sample, the mean effective temperature is about 2760 K, which is higher than in the case of Sil class. Grain size (a) and optical depth (t) are smaller than those of Sil stars, ranging between 500±1000 A Ê and 0.01±0.05, respectively. Our results for T d are higher than those of Sil models, varying from 1400 K to 1600 K. In brief, stars which belong to the Broad class have smaller grains and both thinner and hotter envelopes than stars which belong to Sil class.
Two-grain models: Al 2 O 3 and silicate
Sil
1 , Sil 11 and 3-component stars seem to have an Intermediate IR feature between the low-contrast broad feature and the silicate dominant feature. 3-component spectra show weak peaks at 10, 11±11.3 and 12.5±13 mm. According to LML90, the emission at 10 mm is produced by silicate grains, the 11±11.3-mm emission by crystalline olivine grains, and the 12.5±13-mm emission by aluminium oxide grains (Al 2 O 3 ). However the spectral feature calculated by using optical constants of Al 2 O 3 measured in laboratory by Begemann et al. (1997) shows a discrepancy with the observed LRS feature. Sil 1 and Sil 11 stars show both the 10 mm silicate feature and a developing`bump' at 11.3 mm, which is more pronounced in Sil 11 class. There is a suggestion that in the sequence 3 ÿ component 3 Sil 11 3 Sil 1 Y silicate emission feature grows up probably due to an increasing content of silicate particles. Koike, Shibai & Tuchiyama (1993) calculated optical properties of crystalline olivine particles. They shown that this kind of grain peak at 10, 11, 20, 24, 34, 50 and 70 mm, which seems to be different from LRS features present in the Intermediate class. We have discarded crystalline olivine as source of 11.3-mm emission. We suggest that both Al 2 O 3 (which present an emission peak at 11.5 mm) and silicate grains could be responsible for the feature present in the Intermediate class stars. Thus, we have modelled five stars using silicate and corundum particles simultaneously. According to chemical equilibrium calculations in a cooling gas of solar composition, Al 2 O 3 is an abundant and high temperature condensate, and silicate condenses afterwards (Kozasa & Sogawa 1998) . So to calculate models to this class, we have assumed that corundum grains can be present at smaller distances (higher temperatures) to the central star than silicate ones.
The stars were taken from LML90, Begemann et al. (1997) and Sloan et al. (1996) . Fig. 4(a) shows the enlarged view of the best fits obtained to W Hor using Al 2 O 3 and silicate grains simultaneously (solid line), silicate grains (dotted line) and corundum grains (dashed line). Again we can see the plot of different models. This figure clearly shows that a model which takes into account Al 2 O 3 and silicate grains simultaneously better fits the stellar flux. In Figs. 4(b) to 4(d) we have plotted the best models for RT Vir, R Crt and W Eri using silicate grains and corundum simultaneously. W Eri was classified as a Sil class star, but our best fit was obtained with a combination of both silicate 1 corundum particles. In addition, RS Lib was classified as a Broad class star and our best fit was also achieved only by considering two kinds of grain simultaneously. Then our results show that it is necessary to calculate models that solve the radiative transfer in order to suggest chemical composition in CDS with more accuracy. In Table 6 we list results obtained with our best models. Effective temperature (T eff ) and temperature of hottest grains is in K, R 1 (d 1 ) and R 1 (d 2 ) are inner radii of corundum and silicate respectively (in R p ). T d1 and T d2 are the temperature of hottest grains of corundum and silicate respectively. Finally, Cor/Sil gives Table 5 . Results for Broad class stars. Table 6 . Results for Intermediate class stars. the numerical abundance ratio between corundum and silicate grains.
The results obtained with two kinds of grain seem to place Intermediate class between silicate-rich and corundum-rich models. The mean effective temperature is about 2360 K; inner corundum shell radii are of about 4 R p and silicate shell radii of about 7 R p . Optical depth (t ) varies from 0.1 to 0.5, and grain size (a) from 1200 A Ê to 2000 A Ê . The temperature of the hottest corundum grains (T d1 ) ranges between 792±1074 K, and that of the hottest silicate ones (T d2 ) between 407±735 K. The Corundum/ Silicate abundance ratio varies from 0.6 to 0.9. However corundum abundance is not too low and can contribute to the thermal emission affecting the radiative behavior around Intermediate class. This result seems to indicate that we cannot model these classes of stars without corundum grains. In order to fit the characteristic feature of these classes of objects we suggest that it is necessary to calculate models considering at least two kinds of grain simultaneously. On the other hand, it seems that our intermediary results agree with LML90 suggestion that these CDS are placed in an evolutionary phase after corundum-rich and before silicate-rich ones. However our sample is too small and also includes a Broad class star. Furthermore, best fits were obtained using silicate and corundum grains rather than crystalline olivine.
D I S C U S S I O N A N D C O N C L U S I O N S
Several works have been carried out with the purpose of identifying spectral features in mid-IR LRS and consequently determining the chemical composition in these media (Hackwell 1972; Forrest et al. 1975; Papoular & Pe Âgourie Â 1983; Vardya, de Jong & Willems 1986) . In last decades, silicate grains have been considered as the major dust component around oxygen-rich AGB stars. However, recent analysis of grains extracted from meteorites clearly identified pre-solar Al 2 O 3 grains that had originated in oxygen-rich stars (Nittler et al. 1997) . Also Vardya et al. (1986) and Onaka et al. (1989a Onaka et al. ( , 1989b have suggested aluminium oxide grains as the first to condense in gas outflow. They can be coated by silicate mantles, giving rise to silicate emission features. In fact, Nuth & Hecht (1990) have proposed à chaotic silicate' with an AlO core that should be the first component formed in O-rich CDSs. As the grains are processed in the circumstellar medium, the SiO content increases and the 10-mm feature slowly becomes predominant. Based on the theory of nucleation and grain growth, Kozasa & Sogawa (1997 , 1998 have studied dust formation in steady-state dust winds around oxygen-rich AGB stars. The calculations have considered homogeneous Al 2 O 3 and silicate grains and also heterogeneous grains, with an Al 2 O 3 core and a silicate mantle. They have predicted that Al 2 O 3 grains with radii of about 0.15 mm condense first. Afterwards, these grains are coated by silicate ones forming heterogeneous particles. On the other hand, they also predicted that small (tens of angstroms) homogeneous silicate grains would be found to be responsible for the 9.7-mm emission, contrary to current models.
Work consisting of the classification of dust envelopes was carried out by LML88, LML90 and Stencel et al. (1990) . The aim of these papers was to suggest the chemical composition of dust envelopes with a simple analysis. In their work, the authors subtracted a blackbody distribution at 2500 K from the observed LRS and suggested a complex morphology of oxygen-rich stars on the basis of the infrared spectra. However, to determine with more accuracy the nature of the circumstellar grains it is necessary to make a full treatment of radiative transfer in these media and to reproduce the features observed in the mid-IR LRS and the properties of complete CDSs.
Using a code that solves the radiative-transfer problem in circumstellar envelopes, we have modelled 31 oxygen-rich stars. As discussed before, both chemical equilibrium calculations and the analysis of grains extracted from meteorites strongly suggest that aluminium oxide components are present in the circumstellar medium of O-rich stars. Thus, in order to achieve the best fits to Broad class stars, we have tested three kinds of Al 2 O 3 grain: g-Al 2 O 3 alumina and ISAS (Koike et al. 1995) and amorphous Al 2 O 3 (Begemann et al. 1997 ). According to our results, a composite Al 2 O 3 (corundum) grain reproduces the observed features. These composite corundum grains are formed of 20 per cent of g-Al 2 O 3 alumina plus 80 per cent amorphous Al 2 O 3 . Our best models were achieved considering composite corundum particles of about 1000 A Ê and thin shells. The results found for this class seem to agree with previous work in which Al 2 O 3 grains were suggested as the first condensate. In addition, these grains are present in the thin envelopes that are supposed to be present at the beginning of their formation. We can also suggest that Al 2 O 3 grains are the main component controlling radiative processes around Broad class star envelopes.
Five Intermediate class stars were also modelled. This class presents a smooth silicate 10-mm emission, and a broad bump at ,11.3 mm. For these stars, the best models were obtained using our two-specie code, which solves the radiative-transfer problem by considering two kinds of grain simultaneously. We have found that the 11.3-mm emission present in the Intermediate class could be best fitted using corundum and silicate grains instead of olivine crystalline grains, as suggested by LML90. In addition, the calculations have indicated a silicate content little enhanced relative to the corundum one. Nevertheless, corundum abundance is not too low and these kinds of grain can also affect the radiative behaviour around this class of envelope. Furthermore, we have discarded g-Al 2 O 3 as a carrier of 13-mm emission, as suggested by Onaka et al. (1989a,b) but we must emphasize that we did not test a-Al 2 O 3 particles in this class. Anyway, this feature seems to be a minor discriminant in these envelopes.
Sixteen Sil class stars were also modelled using silicate grains. They have thicker envelopes and bigger grains than Broad and Intermediate classes. The results are quite adequate in almost all cases. We have found silicate grains of size varying from 900 to 4000 A Ê in agreement with previous radiative calculations in oxygen-rich envelopes (Rowan-Robinson & Harris 1982; Schutte & Tielens 1989 ). Nevertheless, Kozasa & Sogawa (1998) have suggested that small silicate grains (about 10 A Ê ) can provide the 9.7-mm emission feature. They also found mass-loss rates that seem too high for these objects. (Loup et al. 1993) . On the other hand, isotopic analysis of inclusions in meteorites show that some kinds of grain that are ejected from red giants can often be larger than 1 mm in diameter (Huss et al. 1994 ).
In Fig. 5 we have plotted the [K±L] colour index versus the optical depth t . We found a tendency for the optical thickness to increase with [K±L] to OH/IR that have silicate dust envelopes (Lorenz-Martins & Arau Âjo 1997) . This tendency is confirmed only for the Sil class, while the Broad and Intermediate classes do not show this tendency. We can suggest that this behaviour is observed only in silicate shells, or that the dust envelopes present in Broad and Intermediate classes are too thin to show it.
In an overall view, our results seem to agree with LML90 suggestions, that these envelopes evolve in the sequence Broad class 3 Intermediate classes 3 Sil class. Based on this scenario we could suggest that, as they form, CDSs are thin and nucleation takes place near the star, at first forming corundum grains. In this phase, IR spectra show a broad emission (Broad class). In the sequence of evolution, silicate particles begin to form and a smooth 10-mm emission peak appears. The presence of two kinds of grain (silicate and corundum) in this phase seems to create two smooth peaks, at 10 and 11.3 mm. Sometimes a small peak at 13 mm appears (as seen in the R Crt or W Hor LRS), the origin of which is unknown. Slowly, nucleation of silicate overcomes aluminium content giving rise to the well-known two-peaked 10-and 18-mm silicate emission (Sil class).
To reinforce our suggestion it is necessary to study a larger sample including more Intermediate stars. Future modelling of dust envelopes must also include different kinds of particle and particle structure (e.g. heterogeneous grains) in order to improve our knowledge of the complexity of the chemical envelope in latetype stars. 
